Draft version February 2, 2008 

Preprint typeset using LATgX style cmulateapj v. 26/01/00 



TWO YEARS OF INTEGRAL MONITORING OF GRS 1915- 
PART 2: X-RAY SPECTRO-TEMPORAL ANALYSIS 



105 



J. Rodriguez^, S.E. Shaw^, D.C. Hannikainen^, T. Belloni"*, S. Corbel^, M. Cadolle 
Bel^, J. Chenevez^, L. Prat\ P. Kretschmar^, H.J. Lehto^, I.F. Mirabel**, A. Paizis^, G. 
Pooley^'^, M. Tagger", P. Varniere^^, C. Cabanac^, O. Vilhu^ 

Draft version February 2, 2008 
ABSTRACT 

This is the second of two papers presenting the results of two years of monitoring of GRS 1915-1-105. We 
focus here on the results obtained at X-ray energies with INTEGRAL and RXTE and in the radio with 
the Rylc Telescope at 15 GHz. We present the X-ray spectral and temporal analysis of four observations 
which showed strong radio to X-ray correlations. During one observation GRS 19154-105 was in a steady 
state, while during the three others it showed cycles of X-ray dips and spikes (followed by radio flares). 
We present the time-resolved spectroscopy of these cycles with the view to understand the X-ray to radio 
connection. Our spectral analysis shows that in all cases the hard X-ray component, which we interpret 
as the Comptonized emission from a coronal medium, is suppressed in coincidence with a soft X-ray 
spike that ends the cycle. We interpret these results as evidence that the soft X-ray spike is the trigger 
of the ejection, and that the ejected medium is the coronal material. In addition, we study the rapid 
variations, and report the presence of a low frequency QPO with variable frequency during all X-ray dips 
observed by RXTE. The ubiquity of the LFQPO during the dips, prior to the ejection, may indicate a 
physical link between those phenomena. In the steady state observation, the X-ray spectrum is indicative 
of the hard-intermediate state, with the presence of a relatively strong emission, above 40 mJy at 15 
GHz. The X-ray spectra are the sum of a Comptonized component and an extra power law extending 
to energies >200 keV without any evidence for a cut-off. We observe a possible correlation of the radio 
flux with that of the power law component, which may indicate that we see direct emission from the jet 
at hard X-ray energies. We also present the energy dependence of a ~ 4 Hz Quasi- Periodic Oscillation 
of constant frequency present during the hard- intermediate state observation. This QPO- "spectrum" 
is well modeled by a power law with a cut-off at an energy about 11 keV. We show that the energetic 
dependences of the QPO amplitude and the relative contribution of the Comptonized component to the 
overall flux arc clearly different. This may rule out models of global oscillations of the Compton corona. 

Subject headings: accretion, accretion disks — black hole physics 
XTE J1550-564) ~ X-rays: stars 



stars: individual (GRS 1915-M05, 



1. INTRODUCTION 

X-ray binaries and microquasars are known to be 
sources of copious X-ray emission from a few hundred 
eV up to the MeV range in some cases. This high energy 
emission is commonly attributed to a thermal accretion 
disk for the softer X-rays (below approximately 10 keV), 
while no real consensus has yet been found for the so- 
called hard X-ray tails that c an be detected up to the MeV 
range f e.g. I Grove et al.iri998[ ). This emission is usually at- 
tributed to an inverse Compton process of the soft (disk) 
photons on a distribution of electrons thought to represent 
a corona whose geometry is a matter of debate. The elec- 



trons can have a Maxwellian distribution of their velocity 
(thermal Comptonization), or not. They can represent 
an hybrid pop ulation (thermal and non-th ermal Comp- 
tonization, e.g. iPoutanen fc Svensson 19961). or be in free 
fallin g inflow with bulk motion (e.g. Laurent fc TitarchukI 
Il999t) . Alternatives to pure Comptonization exist. In 
states showing the presence of an optically thick com- 
pact jet, the high energy emission could also originate 
from Synchr otron Self-Compton (SSC) rad iations from 
the jet (e.g. iMarkoff. Nowak fc Wilm"i I2005D . The rela- 
tive strength of the spectral components together with 
the behavior of microquasars in the temporal domain at 
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frequencies typically > 0.1 Hz l ed to the identification of 
the so-called spectral states (e .g. iRemillard fc McClintockl 
I2006t iHoman fc Bellonill2005l for recent definitions). Fol- 
lowing the changes of spectral states in these sources using 
a multiwavelength approach is the only way to probe the 
physics of accretion and its connection with the jets. 

In this respect, GRS 1915-1-105 is probably one of the 
best microquasars to perform such studies. It is one of 
the brightest X-ray sou rces in the sky and it is a so urce of 
superluminal ejections (jMirabel fc Rodrfguedll99^ . with 
true velocity of the jets > 0.9c. It is also known to have a 
strong compact jet during its periods o f "hard" and steady 
X-ray states (e.g. iFuchs et al.l l2003l) . while multiwave- 
length approaches have shown a clear connection between 
the presence of soft X-ray dip/spike seque nces (hereafter 
X-ray cycles) fo llowed b y plas ma ejections ([Mirabel et al.l 
119981: iFender fc P oolcv .19981) . An complete review on 
GRS 1915+105 can be found in lFender fc Bellonil (120041 ). 
GRS 1915+105 has been extensively observed with the 
Rossi X-ray Timing Explorer (RXTE) since 1996. A 
rich pattern of variability has emerged from these data 
with time scales ranging from years do w n to 15 msec 
e.g. iMorgan. Remillard fc Greineil I1997D . iBelloni et al.l 
2000), classified all the observations into 12 separate 
classes, which could be interpreted as transitions between 
three basic spectral states: a hard intermediate one (Statc- 
C), and two soft intermediate o nes (State-A and S t ate-B ) 
following the classification of iHoman fc Bellonil (l2005h . 
Note that State-A is much dimmer and softer than State- 
B that is the brightest state of all three. 

This is the second of two papers reporting the results 
of two years of an extensive monitoring campaign involv- 
ing several instruments, namely RXTE, the Ryle Telescope 
(RT) , and INTEGRAL, the latter being the main observa- 
tory of our campaign. In Rodriguez et al. 2007 (hereafter 
Paper 1) we presented the results of the multiwavelength 
analysis. In particular, we focused on four particular ob- 
servations. These four observations were choosen because 
of the availability of simultaneous radio and X-ray obser- 
vations. In all four of them the radio to X-ray connections 
could then be studied in great details, and showed inter- 
esting links. In three of them we found clear associations 
between the X-ray behavior of the source and the occur- 
rence of radio flares. In the fourth one, the level of radio 
emission was rather steady and indicative of a compact 
jet. In Paper 1, we generalized the fact that (non-major) 
discrete ejections always occur as a response to an X-ray 
cycle composed of an X-ray dip longer than 100 s ending 
in an X-ray spike. Based on a model-independent analy- 
sis, we also suggested that the spike was the trigger of the 
ejection. We also found a possible correlation between the 
duration of the X-ray dip and the amplitude of the radio 
ejection, which may suggest that energy and/or matter 
accumulated during the dip, are later ejected. 

In this paper we focus on the X-ray spectral and tempo- 
ral analysis of those four particular observations. We start 
by describing the methods of data reduction in Section 2. 
In Section 3, we present the results, which are discussed 
in the last part of the paper. 



2. OBSERVATIONS AND DATA REDUCTION 

The log of all observations can be found in Paper 1 . In 
this paper we focus on Obs. 1, 2, 4, 5 and particularly on 
the intervals that we identified as b e longin g to classes i', A, 
X, and f3 respectivelv IBelloni et al.l (|2000[ ). To summarize, 
classes ly, A, and /3 show occurrences of spectrally hard X- 
ray dips of several hundred of second longs ended by a very 
bright X-ray spike, marking the return to a softer state 
(State-A). These are followed by periods of intense and 
very variable X-ray activity indicative of State-A to State- 
B transition. We refer to these intervals (hard dips to soft 
spike) as cycles. Fig. [T] shows zooms on cycles from each 
of the three observations. During class x GRS 1915+105 
has a relatively steady level of X-ray emission, over long 
times. It is in that case in the hard-intermediate state, 
and usually shows rapid (>1 s) variability and presence of 
Low Frequency QPOs. 

2.1. INTEGRAL data reduction 

The data were reduced with the Off Line Scientific 
Analysis (OSA) v7.0 software. Our first step was to pro- 
duce ISGRI images in two energy bands, 20-40 and 40-80 
keV, in order to detect the active sources of the FOV which 
have to be taken into account in the (spectral and tempo- 
ral) extraction processes. This list of "bright" sources was 
then given as an input for the extraction of IBIS/ISGRI 
spectra and light curves. This is a necessary process since 
all bright sources in the field of view can be considered 
as contributing to the background for the others. This 
means that we extracted spectra and light curves from 
between 5 and 8 sources. In the case of JEM-X the spec- 
tra were extracted from unit 1 of the detectoiF^. For both 
detectors (IBIS and JEM-X) the latest versions (provided 
with OSA 7.0) of the response matrices were used in the 
spectral fitting. Note that due to the high variability of 
GRS 1915+105 accumulating spectra over the entire ob- 
servation is meaningless most of the time. In the four 
observations we discuss here, we extracted time-resolved 
spectra based on selected good times intervals (gti). The 
JEM-X light curves were extracted with a time resolution 
of Is between ^ 3-13 keV, and further rebinned to 20 s. 
The ISGRI light curves were extracted between 18-50 keV 
with a time resolution of 20 s, and further rebinned to 100 
or 200 s. 

We should remark here that since GRS 1915+105 is very 
bright in the soft X-rays good quality spectra are obtained 
even with short accumulation times. This is, however, not 
the case above 20 keV. We therefore used different binning 
of the redistribution matrix file (rmf ) during the extraction 
process to obtain the spectra of the best possible quality. 
The resultant spectra were fitted in XSPEC v.ll.3.2t, be- 
tween 5 and 20 keV for JEM-X0, and 18 and 300 keV for 
ISGRI. In most cases, the spectra were further rebinned 
so as to obtain good quality spectra (especially in the case 
of short accumulation times). We added 3 % systematics 
to the uncertainties in the JEM-X spectra, and 2% to the 
ISGRI ones before the fitting process. In all fits a normal- 
ization constant was added to account for uncertainties in 



1^ JEM-X unit 2 has been switched off since March 08, 2004 

^''Except in the case of Obs. 4 where the JEM-X spectra were fitted between 3 and 20 keV since comparison with a simultaneous PCA 
spectrum showed a good agreement between both detectors. 
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the cross calibration of the instruments. If frozen to 1 for 
the ISGRI spectrum, it is usually found to be between 0.9 
and 1.1 for JEM-X. Since SPI is less sensitive than ISGRI 
below 200 keV we do not analyze SPI data in the study 
presented here. 

2.2. RXTE data reduction 

The RXTE data were reduced with LHEASDFT v. 6.1.2. 
following standard criteria for the definition of good times 
intervals (elevation above Earth limb greater than 10° 
and offset pointing less than 0.02°). We first produced 
light curves in several energy ranges to produce color- 
color diagrams, hardness ratio, and hardness intensity di- 
agrams (HID). For the latter purpose, we extracted 16 s 
light curves from the top layer of PCU 2 in four energy 
ranges, namely 2-126 keV (channels 0-255), band 1 = 
3.28-6.12 keV (channels 8-14), band 2 = 6.12-10.22 kcV 
(channels 15-24), and band 3 = 14.76-40.41 keV (channels 
36-95). These light curves were background corrected be- 
fore producing hardness ratio (or colors) defined as follows: 
HRl = band 2/band 1 and HR2 = band 3/band 1. Note 
that the background files were produced with the latest 
version of the saa-history file, release after the discovery 
of gaps in the former file. 

In the case of Obs. 4 (the steady state observation; Pa- 
per 1), we extracted PCA and HEXTE spectra from the 
unique interval that was simultaneous with INTEGRAL 
observation and observation fro m the RT. The pr o cedur e 
is the same as that described in [Rodriguez et ahl (120031 ). 
again apart from the newer version of the reduction soft- 
ware, and the background maps used here, that are the 
latest made available by the XTE SOF. 

For the production of high temporal resolution light 
curves and Fourier analysis of the PCA da ta, the data were 
reduced in the same way as presented in [Rodriguez et all 
(|2004[ ) (except for the different versions of the software). 
We extracted ~ 4 ms resolution light curves from Binned 
data format covering the 2-15 keV energy range and 
~ 1 ms light curves from Single Bit and Event data for- 
mat respectively covering the ~ 5-15 keV and 15-60 keV 
energy ranges (we restricted the highest absolute spectral 
channel to 150 for the latter). We then produced power 
density spectra from the combined 2-60 keV (Nyquist fre- 
quency of 128 Hz) and 5-60 keV light curves (Nyquist fre- 
quency of 512 Hz) to study the presence of low and high 
frequency quasiperiodic oscillations (LFQPO, HFQPO). 
Note that for the production of dynamical PDS, or PDS 
from a large energy range, the background correction can 
be neglected for the estimate of the fractional RMS vari- 
ability. 

For Obs. 4 we also produced energy dependent PDSs 
in a m anner similar to that presented in [Rodriguez et all 
(|2004[ ). i.e. extracting ^ 4 ms light curve from about 20 
spectral channels covering the 2-40 keV range. In that 
case the RMS amplitudes have to be corrected for the en- 
ergy depe ndent background level. This has been done ac- 
cording to iBerger fc van der KlisI (|1994| ). i.e. RMS^orr = 
RMSieahy X %^ where RMSieahy is the RMS obtained from 
the Leahy normalized PDS (non background corrected), 
S -\- B \s the raw count rate, and S the net count rate of 
the source. 

3. RESULTS OF THE HIGH ENERGY OBSERVATIONS 



We focus here on the observations for which we ob- 
tained simultaneous X-ray and radio observations (Paper 
1). Amongst them, we distinguish Obs. 1, 2 and 5 for 
which we observed sequences of X-ray dip/spikes (X-ray 
cycles) followed by radio flares, and Obs. 4 during which 
GRS 1915-1-105 is found in the steady x class, and shows a 
relatively steady level of radio emission around 40-80 mJy 
(Paper 1). 



3.1. Time-resolved spectroscopy and models for the 
spectral fittings of the cycles 

All cycles from all classes show similar repeating pat- 
terns although their time constants are different. For ex- 
ample class A looks very much like class /3, e xcept that the 
seque nces in the cycle seem to occur faster (jBelloni et al.l 
I2000D . We can distinguish, in each cycle, at least three 
intervals (Fig. [1]) with common characteristics (paper 1). 
Interval I is the spectrally hard X-ray dip, interval II cor- 
responds to a precursor spike ending the dip, and interval 
HI is a spectrally very soft dip immediately following the 
precursor spike. In the case of class v we identified an ad- 
ditional interval (Int. IV) corresponding to the major spike 
following the whole sequence (Fig.[Tl left), while in class A 
three more intervals have been identified (Fig.[Tl middle). 
A major soft X-ray spike of about 600 cts/s (Int. IV), fol- 
lowed by a dip in both soft and hard X-rays (Int. V), and 
a return to a high degree of soft and hard X-ray emission 
(Int. VI). Since ejections seem to always occur after suc h 
cycles during classes u and j3 fe.g. lKleim Wolt et al.l[200l . 
we extracted time-resolved spectra from all cycles, and fur- 
ther averaged those belonging to the same type of interval 
in those two observations. On the other hand it is the first 
time a radio fiare is observed in class A (Paper 1). Since 
we cannot, a priori, know whether radio flares occur in re- 
sponse to each of these cycles, we extracted time-resolved 
spectra from this particular cycle only. Note that the ubiq- 
uity of the accretion-ejection links during cycles seen in all 
other classes, indicates that each A cycle is probably fol- 
lowed by an ejection. 

During the spectral fittings, we tested several mod- 
els, starting with the phenomenological family based on 
a power law tail at high energy plus a thermal component 
at low energy modified by interstellar absorption. Note 
that in all fits, the absorption column density, iVn, was 
frozen to 5.7 x 10^^ cm~^ a value well within the 5-6x 10^^ 
cm~^ range of valu e usually found in the literature (e.g. 
iBelloni et all l2000f ). Note that varying A^h within this 
range does not affect the results of the spectral analy- 
sis significantly. This is especially true when consider- 
ing the spectra above 5 keV. Because of a more accurate 
treatment of the inner regions of the di sk, we used the 
ezdiskbb model (jZimmerman et aLll2005( ). which assumes 
zero torque at the inner boundary of the disk. For Obs. 
2 the statistics are not good enough to find other spectral 
features, or fit the data with more sophisticated models. A 
high energy cut-off is needed in intervals 1^ and Ip. Since 
a power law with an exponential cut-off is usually inter- 
preted as due to thermal Comptonization, we then fitted 
all spectra of classes v and (3 with a model consisting of 
interstellar absorption, a thermal component (ezdiskbb 
when needed) and a Comptonized component (comptt. 
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iTitarchuS (jl994j )). The temperature of the seed photons 
for Comptonization was set equal in all cases to that of 
the inner disk (except when the disk is not needed, and 
was then frozen to 0.7 keV, the temperature below which 
no disk component can be detected in JEM-X above 5 
keV). In some cases the optical depth of the Comptonized 
component tends to very low values, while the electron 
temperature is quite high and poorly constrained. In this 
ranges of parameters wc arc outside the range of validity 
for this particular model. They corr espond to spectral - 
statcs A and B (in the classification bv lBelloni et al.ir2000[ ) 
equivalent to steep power law/soft intermediate states, in 
which the coronal medium is very tenuous, and the pop- 
ulation of electrons is probably non-thermal. The shape 
of the spectrum is then equivalent to a power law with no 
cut-off. In those cases the r parameter was frozen to 0.01, 
which is the value towards what usually tended the pa- 
rameters, the smallest value allowed in XSPEC . Note that 
although these caveats concerning the model used for the 
fitting, we preferred it to the phenomenological one be- 
cause it 1) avoids the mixing of the two components at 
low energy (ie no overstimate of the contribution of the 
corona below SkTgeed) that is unavoidable with a simple 
power law model. 2) we are interested in the relative vari- 
ations of the 3-50 keV flux thus well bellow the supposed 
kTe, in other words where the shape of the spectrum is 
power law-like. 3) The use of the same model allows a 
true and robust comparison of the fluxes in the different 
intervals. Although when r is very low and kTg very high 
the interpretation in terms of thermal Comptonization is 
thus dubious, in terms of fluxes the relative contributions 
of each model component to the total flux are, therefore, 
more reliable. Note that similar evolutions of the fluxes 
are seen when fitting with the phenomenological model. 
This shows our method is valid. The best-fit parameters 
for all intervals of the three observations are reported in 
Table (TJ while Fig. [2] shows the particular example of the 
four spectra from Obs.l/Class v with the best model and 
individual spectral components superposed. 

In all three observations the disk temperature increased 
smoothly through the cycle, with a simultaneous decrease 
of its inner radius (Table [T|). Its overall contribution to 
the total 3-50 keV flux also increased accordingly. On 
the other hand the 3-50 keV contribution of the Comp- 
tonized component was never so monotonic. In class v it 
first increased from 1^ to IIj,, and was then reduced by 
a factor of 2.2 from 11^ to III^. It recovered at a higher 
level (a factor of approximately 1.7 higher) in IV^. A 
very similar evolution is seen in Obs. 5/Class /? where the 
Comptonized component sees its 3-50 keV flux reduced by 
a factor 6.7 between 11^ IH/j. During Obs. 2/class A the 
disk appeared during III^ and remained at a high temper- 
ature and low radius over the remaining intervals. The 
flux of the hard tail (assumed to be the emission of the 
Comptonizing corona) first increased from 1\ to IIa, with 
a small decrease in the photon index. It was not statis- 
tically required in the fit to IIIa, which likely indicates 
that it had disappeared. We, nevertheless, added a power 
law to the disk component with a photon index frozen to 
2.Cp^ and estimated the upper limit on its flux. We find 



that from II>, to IIIa the power law contribution to the 
3-50 keV flux was suppressed by a factor greater than 4.2 
(at 3~cr), and remained at a low flux until VIa where it 
reached its highest flux over the entire cycle (Table [1]) . 

3.2. Temporal Analysis of the cycle 

The dynamical power spectra of all three observations 
showing X-ray cycles are shown in Fig. [3) In the case of 
type v, this corresponds to a cycle that is simultaneously 
covered with INTEGRAL and RXTE, and followed by a 
radio flare. Although the dip is not entirely covered by 
RXTE, a strong feature, a low frequency QPO (LFQPO), 
of variable frequency can be seen. The frequency of the 
LFQPO seems to follow the e volution of the X-ray flux, as 
observed in other classes (e.g. Markwardt. Swank fc Taaml 



ll999HRodriguez et al.ll2002alf& ). namelv 3 and a. 

Very similar behavior is seen during A and /3-type cy- 
cles: a strong LFQPO of variable frequency appears at the 
moment GRS 1915-^105 enters the dip (Fig. [3D. The fre- 
quency rapidly decreases, in (cor)relation with the X-ray 
flux. The feature ceases at the end of the dip. Because 
of the short time scales of the events occurring at the 
end of the dip in class A and the 16-s step on which the 
dynamical PDS is calculated, the precise moment of the 
cessation of the LFQPO is quite difficult to estimate. 
It seems to occur somewhere between the equivalent of 
Int. B to D (Fig. [3]). In class (3 the QPO is cut at 
the maximum of the precursor spike, and so seems to be 
the overall noise (Fig. [3|). Note that for the two latter 
cycles, we do not have simultaneous RXTE coverage to 
the cycles which were followed by the radio flares. We 
can, hence, hypothesize that GRS 1915-1-105 undergoes 
the same behavior concerning the LFQPO during all cy- 
cles, and thus also showed a LFQPO prior to the ejections 
during classes A and /?. Given that this is commonly ob- 
served in GRS 1915H- 105, and that it has already been 



seen in class /? (e.g. Markwardt. Swank fc Taa: 



idy oeen 
13 119991 : 



[Rodriguez et al.l 2002aD in simultaneitv with radio flares 
( Mirabel et al.l 19981 ) . this hypothesis seems quite reason- 
able. 



3.3. Observatic 



Class X 



3.3.1. X-ray spectral analysis 

During the INTEGRAL coverage of Obs. 4, we obtained 
two observing intervals with the RT and five with RXTE 
(Paper 1). The second coverage with the RT overlapped 
only very briefly with INTEGRAL and wc will not discuss 
it further here. During the first, however, the multiwave- 
length coverage (FigU]) shows that the radio flux, while 
being rather steady during the first 13 ks at a mean value 
of 44.9 mJy, increased shghtly between MJD 53473.25 
and 53473.30. It reached a mean level of 70.4 mJy af- 
ter 53473.30 up to the end of the radio coverage on MJD 
53474.42. We separated this observation into 3 intervals 
(I^j,, 11;^, IIIx) based on the radio behavior of the source 
from which we extracted INTEGRAL spectra. In the case 
of I;^ an RXTE pointing is also available and was added 
to the spectral fit. 

^^This value is a quite standard value for BH in general. Note that freezing the photon index to values greater than 2 results in even lower 
limits on the flux of the hard tail component. 
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As in the previous observations, we started with differ- 
ent combinations of phenomenological models. It has to 
be noted that none of the spectra is well represented by 
the standard model composed of an accretion disk and a 
power law tail. A single absorbed power law is a very poor 
representation of the spectra. Fig. [S] shows the residuals 
in terms of number of a between the model and the spec- 
tra. Adding a multicolor disk black body in either of its 
forms (diskbb, ezdiskbb) still leads to a poor represen- 
tation of the spectrum (even with a Gaussian, see below). 
In I^, for example, the reduced is 10.4 for 124 d.o.f.. 
Since the simple power law overestimates the spectrum at 
high energies, we replaced it by a cut-off power law. This 
provides a much better representation of the spectrum, 
although still not satisfactory. Again adding a disk emis- 
sion does not provide a good description of the spectrum. 
In I^, for example, even after having included a Gaussian 
around 6.5 keV, the reduced is 12.6 for 123 d.o.f.. The 
emission above > 40 keV is still underestimated. Instead 
of a disk emission, an extra power law improves the fit 
significantly (F-TEST probability of ~ 7 x lO'^^ chance 
improvement). Some residuals are still visible in the iron 
Kq, region at 6.5 keV. We therefore added a Gaussian to 
account for this feature. The reduced is 1.73 (123 d.o.f.) 
in I^ with this model. . The cut-off power law was then re- 
placed by the comptt model (jTitarchuklll994[ ). This model 
provided very good fits to the data and gives a better 
(Table ^ . All spectral parameters are reported in Table 

m 

A clear evolution in terms of spectral parameters is 
seen between the three intervals of Obs. 4 (Table [2]), 
especially for the power law component. The temper- 
ature of the seed photons for Comptonization is rather 
stable around 0.3 keV, and the Kompaanets parameter 
[y = kTe/nieC^ x max(r, r^)), that roughly characterizes 
the efficiency of Comptonization, is multiplied by a fac- 
tor of about 1.1 between I-^ and III^- In the mean time 
the power law photon index of the hard tail gets softer. 
In terms of fluxes (unabsorbed 2-200 keV), that of the 
Comptonized component is divided by a factor of about 
1.2 between 1^^, and III^, while that of the hard tail is mul- 
tiplied by a factor of about 1.6. The power law fluxes are 
significant at more than 10-cr in each intervals. Based on 
the errors of the power law parameters we can estimate a 
ratio 1.61±0.13 (l-cr error) increase of the power law flux 
between I^^ and HI;,.. 

3.3.2. Timing Analysis: LFQPOs 

We first analyzed the 2-60 keV PDS of the unique 
^ 3000 s RXTE pointing that was simultaneous with 
both INTEGRAL and the RT. The PDS was computed 
between 0.03125 Hz and 124 Hz. The PDS is composed 
of a flat top component up to a break frequency above 
which a power law decrease can be seen. On top of this 
continuum a strong Low Frequency Quasi Periodic Os- 
cillation (LFQPO) is detected. Above about 20 Hz the 
PDS is compatible with Poissonian noise. We modeled it 
with the sum of a broad zero-centered Lorentzian, a nar- 
row one (the LFQPO), and a constant to account for the 
white noise. The fractional RMS amplitude of the contin- 
uum of the PDS above 0.03125 Hz is 13.1 ± 0.4%. The 
QPO ccntroid frequency is 3.77 ± 0.01 Hz, its quality fac- 



tor Q(= i/controid/FWHM) is 7.7, and its fractional RMS 
amplitude 10.9l^;^%. 

This best model was used to flt the energy depen- 
dent PDSs. Note that given their poorer statistics and 
the fact that we are interested in the parameters of the 
LFQPO, we subtracted the white noise and restricted the 
frequency range to 0.03125-10 Hz. The energy dependence 
of the LFQPO (hereafter QPO spectrum) is plotted in 
Fig. [6l The QPO spectrum is hard in the sense that it 
increases with energy. A plateau and possible following 
decrease can be seen from 10-15 keV. Such behavior has 
already been reported for LF QPOs from class x obser- 
vations (|Rodriguez et al.ll2004l) . We flrst fitted the QPO 
spectrum with a simple power law model. The statistics 
of the fit is poor with x^=2.05 for 14 d.o.f.. In order to 
account for the deviation from a simple power law (Fig.[S|), 
we added an exponen tial cut-off to the power law (see 
[Rodriguez et al.l ()2004[ )). We obtained a good represen- 
tation of the spectrum with x^=0.41 for 12 d.o.f.. The 
best parameters are a power law index of 0.53 ± 0.04, a 
cut-off energy i^cut = 11.3 ± 1.3 keV, and a folding energy 
for the cut-off E'foid = 23 ± 6 keV. 

4. DISCUSSION 

4.1. Model-independent evolution, hardness intensity 
diagrams 

Fig. [7]shows two HIDs of aU the RXTE pointings of the 
four observations presented in this paper (see Table 2 of 
Paper 1 for the journal of the entire observations). The 
first one, representing the PCU2 intensity vs. HRl ((6.12- 
10.22) keV/(3.28-6.12) keV) (hereafter HIDl) matches ex- 
actly the colors commo nly used in the literature for th e 
production of HIDs re.g.lBellonil l2005l:lFender et al.|l2004) . 
However (as clearly mentioned in iFender et al.l (j2004 )) 
since the thermal disk component in GRS 1915+105 is 
always brighter than in any other BH, using the same col- 
ors results in having the hard C-state lying in a softer 
part of the HID than the soft B-state (Fig. [71 left). The 
second HID (HID2) makes use of colors (HR2=(14.76- 
40.41) keV/(3. 28-6.12) keV) well separated so that the 
disk component can clearly be separated from any other 
component. Although the values of the HR are quite dif- 
ferent between the three classes with cycles, the general 
pattern shows striking similarities in both plots. They 
all have in common a "parallel" trend from the low val- 
ues of intensity and HR1~ 0.5, (resp. HR2^ 0.03) to 
intermediate values of the intensity, and HRl^ 0.5, (resp. 
HR2'^ 0.01). This corresponds to the dips of the cycle (at 
the right bottom of the tracks), and the spikes that end 
them. This parallel track also corresponds to the tempo- 
ral evolution of GRS 1915+105 when going through the 
cycle. It first evolves in intensity at a high value of HR2 
(or roughly constant value of HRl), and, after the spike, 
falls to the left part of the plots (low values of HR2 and 
decrease in intensity). Note that, as we show in the next 
section, the spike is very likely the trigger of the ejection, 
hence the HR2 of t he spike could represent the jet line of 
iFender et all (120041 ). Its precise value is, however, quite 
difficult to estimate in the three classes, as just before the 
ejection, the values of HR2 are clustered in a region they 
can reach even in the ffaring state. This is quite well illus- 
trated in Fig. [7] in the case of class A around HR2=0.02. 
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However we remark that each time GRS 1915+105 exits 
the dip of a cycle, an ejection occurs (Paper 1). The ap- 
proximate position of the jet Une is represented in the right 
panel of Fig. [71 The flaring states of the observations cor- 
respond to oscillations between the points that lie on the 
left of this jet line. 

4.2. Ejection of coronal material? 

In Paper 1 we have shown that the same sequence of 
events will lead to the ejection of material. Namely, an X- 
ray dip of duration longer than 100 s terminated by an X- 
ray spike always precede a radio flare. We have argued, in 
a model-independent way, that the X-ray spike terminat- 
ing the sequence was the trigger of the ejection. This was 
based on the similarity of the sequence of e vents, and that 
in cla ss /3 the spike had been identified by iMirabel et al.l 
(|1998| ) as the trigger of the ejection. Here we followed a 
different approach, and performed fits to each remarkable 
interval of the cycles. 

Although the precise spectral parameters returned from 
the fits (Table[T]) show differences between the cycle of each 
class, a similar evolution can be seen in all. As presented 
in Sec. 3, while the evolution of the disk along the cycles 
is monotonic, and may indicate a disk that slowly reaches 
its last stable orbit around the BH, the evolution of the 
Comptonized component or the power law component (the 
corona) is quite different. While it entirely dominates the 
spectra during the hard-dips (Ints. I), it disappears after 
the spike labeled II in all cases, and seems absent in the 
soft dips (Ints. HI). Its relative contribution to the source 
flux, in the same band as that of the disk, decreases by a 
minimum factor of 2.2 (in class v). 

In the case of class /3 lMirabel et al.l l|l998D demonstrated 
that the X-ray spike was the trigger of the ejection. In Pa- 
per 1, based on the similarities of the sequences seen dur- 
ing the three classes, shape, evolution of the source fluxes 
in different X-ray bands, and delays between the X-rays 
and the radio peak, we argued that the spike (11^ , Ha and 
II/3) is the very likely trigger of the ejection. Our spectral 
analysis is compatible with such an interpretation, since 
in all cases the spectra greatly evolve after the spike, and 
show a transition to a state dominated by the disk compo- 
nent. In that case, the quantitative evolution of the coro- 
nal flux shows that this component disappears between 
Ints. II and HI. Given the detection of ejected material at 
approximately the same time delay in all three classes, it 
is tempting to consider that the corona is ejected at the 
spike, decoupled from the central system, and is further 
detected at radio wavelengths. 

One could argue that the spike is not the real trigger. 
The other remarkable moment of each cycle (at least from 
the spectral point of view) is the entrance into the dip. 
Here the spectrum becomes hard, which likely indicates 
that the inner regions of the disk either recede from the 
BH or disappear. Several arguments do not favor this mo- 
ment as being the trigger of the ejection. First the radio 
flares -the signature of the ejections- have similar profiles 
(Paper 1), while the transitions to the dip at X-ray energies 
are quite different, especially in their temporal evolutions. 
The decrease of the X-ray count rate is quite slow in v and 



/3, while it is quite sudden in A. If this moment were the 
signature of the ejection at X-ray energies, it is reasonable 
to think that its temporal evolution would influence the 
subsequent ejection. Secondly, during class /3, a 0.8 keV 
disk is clearly detected during the dip, while the ampli- 
tude of the ejection is higher than in class A (no disk in 
the dip), and the duration of the dip is longer. This is in 
contradiction with a model where the longer duration dip 
associated with a higher amplitude ejection would indicate 
that more disk material is ejected, and hence it would take 
longer for it to be reflUed. Finally the delay between the 
peak in radio and the spike terminating the cycle is similar 
in all classes (Paper 1). while the duration of the dip, and 
hence the delay between the transition into the dip and the 
radio peak is quite different between the three classes. It is 
around 0.8 hour in class v, while it stays around 0.4 hour 
in the other two classes. 

We therefore favor an interpretation where the coronal 
material is ejected from the system at the spike terminat- 
ing the hard dips of the cycle. It is interes ting to note that 
in anot her class with a cycle (class a), [Rodriguez et al.l 
l|2002bf ) had come to the same conclusion, although based 
on the inspec tion of the evolution o f HRs and light curves 
only (see also lVadawale et ahl (|2003f )). Further strengthen- 
ing this interpretation i s the case of another m icroquasar, 
XTE J1550-546, where [Rodriguez et al.l (|2003D arrived at 
the same conclusion studing the evolution of this source's 
outburst in 2000. The similar conclusions reached in two 
different sources may indeed indicate that the discrete ejec- 
tions in (all) microquasars are composed of coronal mate- 
rial. 

4.3. Steady hard (intermediate) state 

During one of our observations, GRS 1915-fl05 was 
found in the so-called x class of variability in the X-rays, 
which corresponds to its hardest steady stat(F^. In the 
radio domain a relatively bright and steady emission is 
dete cted, and attribute d to the presence of a compact jet 
(e.g. Fuchs et al.ll2003[ ). As mentioned in IVadawale et ahl 
(|2003[ ) the spectrum of this radio loud x observation in- 
dicates the presence of a Comptonizing component and 
an extra power law (Tabled]). We do not need any ther- 
mal component at low energy, which indicates that the 
accretion disk is quite cold (at least it has no effect above 
3 keV), and indeed the temperature of the seed photons for 
Comptonization is quite low, around 0.3 keV. It is inter- 
esting to note that when separating the observation into 
three noticeable intervals based on differences in the radio 
fluxes, we clearly see the spectral evolutions of the two X- 
ray spectral components (Tablc[2|). While the 15 GHz flux 
increases, the 2-200 keV flux of the Compton component 
decreases, while that of the extra power law component 
seems to increase as well in coordination with a softening 
of the tail. 

The spectral characteristics of radio-loud x classes 
in GRS 1915+105 have been shown to always imply 
Comptonization by a corona of a few k eV and opti- 
cal depth of the order o f several units (jTrudolvubovi 
I2OOII: IVadawale et~ani2003f) . This either results in spec- 
tra of shape similar to the ones we observed here 

^^Note that as GRS 1915+105 is never observed to be in tlie canonical hard state seen in other microquasars, "hard" is taken here as relative 
to its other spe ctral states. The so-called x class/state corresponds to the hard-intermediate state in the other sources, following the definition 
of lHoman fcBellonii (i2005l') 
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(jVadawale et al.J 20031) . or phenomen ologically with breaks 
at 12-20 keV (|Trudolvubovl l200lh . Several competing 
models may explain the simultaneous presence of ther- 
mal Comptonization and of an additional power law. 
This may be the signature of Comptonization on a hy- 
brid thermal /non-thermal population of electrons (e.g. 
iPoutanen fc SvenssonI Il996[ ) . This family of model has 
been successfully applied to the modeling of micro- 
quasars in steep power-law/soft intermediate/ very-high 
states s howing power laws with no cut-off up to the MeV 
domain (jCadolle Bel et al.ll2006l e.g.). or even to some pe - 
cuhar classes of GRS 1915-1-105 ijHannikainen et al.|[2005[) . 
These states wer e, however, ii e yer as sociated to a strong 
radio emission. iTrudolvubovl lj200lh argued that differ- 
ences between the radio loud and radio quiet x states are 
related to different structures of the accretion flow around 
the black hole, the obvious difference being the presence 
or absence of a compact jet. The fact that the flux of the 
power law component increased in simultaneity with the 
radio flux from the compact jet seems to indicate a link 
between the hard tail and the radio emission. This correla- 
tion between the evolution of both components leads to the 
tempting conclusion that the hard tail seen at X-ray ener- 
gies is emitted by the jet itself. This possibility may be fur- 
ther re-inforced by the very similar evolution of both com- 
ponents: the 2-200 keV flux of the hard tail increased by 
a factor 1.61±0.13 between 1^^ and III^ when at the same 
time the radio flux increased by a factor 1.57±0.14. The 
Pearson correlation factor between the radio and power 
law fluxes of the three intervals is 0.93, which suggests 
that the radio and power law fluxes are strongly corre- 
lated. In the case emission from the compact jet the radio 
emission would lie in the optically thick spectral domain, 
while the X-ray emission would lie in the optically thin one. 
Therefore a direct linear relation may therefore appear as 
a special case. It has to be noted that the parameters 
of the power law we find her e are v ery similar to the one 
reported by IVadawale et all (|2003[ ). In the latter work, 
these authors suggested, based on a simple modeling of a 
compact jet, that this additional power law could be direct 
synchrotron emission from the jet. The similarity of their 
results and our may also favor the same interpretation. 
The origin or possible link of the Comptonized component 
with the jet is less clear as inverse Comptonization can oc- 
cur cither on the b ase of the jet, or under the form o f SSC 
of the jet photons (jMarkoff, Nowak fc Wilmil2005f) . The 
fact that the temperature for the seed photons remains 
constant, at a low value, rather suggest the seed photons 
for Comptonization probably come from the cold disk. 

As expected during class Xj a strong LFQPO is de- 
tected during the unique interval that is simultaneous to 
the RT and INTEGRAL. We confirm previous f indings 
that the QPO spectrum shows a cut-off (|Rodrigucz et al.l 
120041) ■ and by comparing with previous observations, 
we can see that the cut-off energy is clearly not con- 
stant and may evolve from one observation t o ano ther 
(jRodriguez et all I2004D . In [Rodriguez et all l|2004f) we 
had suggested that the spectrum of the QPO could be 
understood if one assumed that the high energy compo- 
nent was not modulated and came from a jet. Here the 
same conclusion holds when observing a cut-off while the 
power law may extend to much higher energies than the 



QPO does (Fig. E] & [5]). The presence of a LFQPO 
is always contemporaneous to the presence of a Comp- 
tonized component in the energy spectra of the source. 
Whether this component is thermal or not (i.e. whether it 
shows a cut-off or not when modeled with power laws) 
depends on the source and the spectral state. Sev- 
eral models have attempted to explain the QPOs. One 
may distinguish between models based on instabilities in 
the disk (e.g., the Accretion Ejection Instability (AEI) 
iTagger et al.l 1200^ . oscillations of the boundary between 
the accretion disk and a,n inn er post-shock region (e.g. 
IChakrabarti fc Titarchukll995l). or even globa l oscillations 
of the disk itself fe.g. lNowak fc Wagoneilll992D . The corre- 
lations seen between some of the spectral parameters and 
those of the LFQPO as well as their in t rinsic properties 
(e.g. 'Markwardt^ Swank & Taam' '1999"; 'Rodriguez et al.l 
l2002a,b: Vignarca et al. 2003; Rodriguez et al. 2004) in- 
dicate that they are tightly linked to the Keplerian orbit 
of the accretion disk, and to the corona itself. In order to 
study the possibility that the QPO represents some oscil- 
lation of the corona, we plotted in Fig. [5] the E-Fe PCA 
spectrum from I^ with the different contributions super- 
posed upon it. In the lower panel we compared the relative 
contribution of the comptt and power law components to 
the QPO spectrum. The QPO spectrum is clearly not 
power law like further indicating that its origin does not 
lie in the hard tail. The fact that this hard tail is likely 
the direct emission from the j et at high energy gives more 
strength to the suggestion of iRodriguez et al] (|2004f ) that 
the jet emission do not contain any quasi-periodic modu- 
lation. Furthermore the QPO spectrum and the relative 
contribution of the Comptonized component, even scaled 
down, are clearly not compatible (Fig. jS]) . This may rule 
out models based on the oscillation of the corona, and 
woul d rather favor mode ls of disk instability (as e.g. the 
AEI: iTagger et al.ll2004D or global oscillations of the disk 
(|Nowak fc Wagoneil 11993 ). The presence of strong QPO 
together with a strong corona may simply indicate that 
the corona either enhances the modulation, or simply that 
the QPO needs the corona to develop. In that case one 
has to note that whatever produces the QPO, its emission 
necessarily undergoes Compton up-scattering. Note that 
if the Compton component comes from SSC from the jet, 
then the large differences between two spectra (QPO and 
Compton) further indicates that the jet is not at the origin 
of the LFQPO. 

5. SUMMARY 

We have presented the X-ray spectral analysis of four 
INTEGRAL and RXTE observations of the microquasar 
GRS 1915-1-105. In this analysis we focused on intervals 
that were strictly simultaneous to radio observations taken 
with the Ryle Telescope. The results of the multiwave- 
length approach are reported in Paper 1, where we showed 
that bubble ejections always follow a sequence of a hard 
dip terminated by a sudden spike at X-ray energies (re- 
ferred to as a cycle) . We performed a fine spectral analysis 
of the entire cycles from a few keV up to about 100 keV 
for the first time in three different classes. We then pre- 
sented a spectral and timing analysis of the unique obser- 
vation during which GRS 1915-1-105 is found in a steady 
hard-intermediate state, and for which a strong and rather 
steady jet is detected in radio. The main results of our 
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analysis can be summarized as follows: 

• In all classes with cycles {i', X and /3) we showed 
that the ejection seen in radio is triggered at the 
spike terminating the cycle. By comparison with 
other such classes which always end with a large 
X-ray spike (e.g. 6 and a), we suggest that this is 
a very generic behavior in GRS 1915+105. 

• In the same observations, we showed that each 
spike is indicative of the disappearance of the 
Compton component from the X-ray spectra. 
We interpreted this as the evidence that the 
ejected material was the corona responsible for 
the Comptonized component. Again comparing 
with the behavior seen during other classes 
(|Rodriguez et al.ll2002bt IVadawale c t al."2003D or 
in other sources (e.g. iRodriguez et al. 2003 ) leads 
us to suggest that this phenomenon is very generic 
in microquasars. 

• In all cycles a strong LFQPO with variable 
frequency shows up at the transition into the dip 
and is quenched at the X-ray spike ending the 
cycle. This phenomenon may indicate a strong 
link between the QPO, the X-ray behavior, and 
the subsequent ejection. In a model-dependent 
interpretation, this is compatible with the 
prediction of the AEI and the magnetic flood 
proposed to explain the behavior of GRS 19 15-fl05 
during class /3 (Paper l lTagger et al.ll2004 ). 

• The X-ray behavior of GRS 1915-^105 during a 
radio loud x observation shows the presence of 
two emitting media, one responsible for thermal 
Comptonization, and another emitting a hard 
X-ray tail modeled with a power law extending up 
to 200 keV without any break. 

• We find a correlation between the radio flux and 
the 2-200 keV flux of the hard tail. The very 
similar evolution of both the radio flux, and 
the flux of the hard tail may suggest that this 
component is direct emission from the jet. 

• The energy dependence of a LFQPO does not 
follow the energy dependence of the relative 



contribution of the Comptonized component, 
neither that of the hard tail. This indicates that 
the QPO does not have its origin in the jet, and 
may also rule out models based on oscillations of 
a Compton corona. Globally the behavior of the 
LFQPO is more compatible with models of disk 
instabilities. 

All these points tend to show GRS 1915-fl05 behaves 
in a way very similar to other microquasar s, and is cer- 
tainly compatible with the generic model of iFender et al.l 
(l200l . The main difference is that its disk is never com- 
pletely emptied and hence GRS 1915+105 never reaches 
true quiescence and undergoes cycles between bright hard 
intermediate and soft intermediate states. The similarity 
of all cycles, the possible correlation between the ampli- 
tude of the ejections and the duration of the dip at X-ray 
energies (Paper 1), the repeating scenario of ejection of the 
coronal medium, the correlated presence of LFQPO indi- 
cate a unique mechanism may be at the origin of all cy- 
cles. In the case of a /? cycle iTagger et al] (|2004l ) proposed 
a magnetic flood scenario compatible with these observed 
properties. Our monitoring campaign will continue with 
the view to cover many more of those cycles and better 
understand the connections and origin of the hard X-ray 
emitters to those of the radio jet 
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Table 1 

Best parameters obtained from the fits to the JEM-X+ISGRI data of the several intervals of Obs. 1, 2 and 5. 

The fits of Obs. 1 correspond to the interval represented in Fig. [2] For Obs. 1 & 5 the best fit model is 
phabs(ezdiskbb+comptt) (iN XSPEC NOTATION), WHILE FOR ObS. 2 IT IS phabs(ezdiskbb+powerlaw) . The ERRORS ARE GIVEN 
AT THE 90% CONFIDENCE LEVEL. THE UPPER LIMITS ON THE FLUXES ARE AT THE 3-(T (99.73%) LEVEL. 
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' -2 




2 frozen 


0.88 (29) 


4.4 


< 0.29 


IVa 


1 1+0.08 

^•-"^-■^-o.o? 


6±1 




2 frozen 


0.88 (31) 


7.3 


< 0.43 


Va 


2.05±0.07 


r. 1+0.9 
3-^-0.5 




2 frozen 


1.08 (33) 


4.8 


< 0.49 


VIa 


1.97±0.06 


5.9±0.6 




2.9±0.3 


1.49 (41) 


5.4 


1.9 



"We take a correction factor f=1.9 llShimura &: Takahara|[l995l) . M=14M0, and D=10 kpc to convert the model normalization to Rq , Ri„ = 
0.859 X \/Ti X , with K the model normalization and i the inclination angle. 

\/<:os{i) 

''The limit on this parameter is given at the 90% confidence level. 



Table 2 

Best parameters obtained from the fits to the JEM-X+ISGRI (and PCA+HEXTE when available) spectra of 
Obs. 4/class x- The best fit model is phabs(comptt+ga+powerlaw) IN XSPEC NOTATION. The errors on the parameters 

ARE GIVEN AT THE 90% CONFIDENCE LEVEL. 



Interval 


seed 


kXe 


r 


F 


xi 


2-200 keV unabs. fluxes'" 




(keV) 


(keV) 






(d.o.f.) 


(xlO^* erg 
comptt 


; cm ^ s ^ ) 
PL 


I ^ 


0.32±0.01 


6.66±0.03 


2.084±0.008 


2.62±0.01 


1.60 (122) 


2.70 


0.77 


nix 


r, OO + 0.06 

"■•J '-'-0.03 

0.26tl]°4 


"•""-0.07 

7.0±0.1 


o 99+0.2 
^•^^-0.02 

2 16+"°3 

^■^"-0.02 


9 7/1+0.02 
^- '^-0.04 
9 Q1+0.02 
^•"-'^-0.07 


0.92 (52) 
1.25 (51) 


2.65 
2.32 


1.09 
1.24 



"The fluxes are those from INTEGRAL/lSGKl (extrapolated to 2-200 keV). 

''Fits of this interval also include simultaneous RXTE data. Note that if the normalization constant is frozen to 1.0 for PCA, the one we obtain 
from the fit for ISGRI is 0.952 and that for JEM-X 1.016. 
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Fig. 1. — Zoom on one cycle from each of the three observations with cycles. From top to bottom, the panels respectively represent the 
Ryle 15GHz, the JEM-X 3-13 keV, the ISGRI 18-50 keV lightcurves and the 3-13 keV/18-50 keV HR. The different intervals from which 
spectra were extracted arc indicated with letter on the JEM-X light curve. 




(MJD - 53000) 



Fig. 2. — Joint JEM-X and ISGRI spectra from the four intervals of Obs. 1/class v. The best-fit model is superposed onto the spectra, as 
well as the individual components, a disk and a Comptonizcd tail. The best fit parameters are given in Table [T] 
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Fig. 3. — Dynamical power spectrum (top) and PCA light curve (bottom) from the three observations with cycles, a) Z/'-type cycle 
simultaneously observed with RXTE and INTEGRAL, b) A-type cycles observed with RXTE. c) /3-type cycle observed with RXTE. The gray 
scale represents the RMS power of the variability, with white having a higher power than dark points. 
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Fig. 4. — Zoom on the interval of Obs. 4. from which we extracted the time dependent spectra. From top to bottom, the panels respectively 
represent the Rylo 15GHz, the JEM-X 3-13 keV, the ISGRI 18-50 kcV, and PGA 2-60 koV lightcurves. The different intervals from which 
spectra were extracted are indicated with the letter on the light curves. The best fit parameters are given in Table [2] 
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Fig. 5. — Left: Residuals in terms of a between the models used to fit the RXTE spectra. In each case the model mentioned in the panel 
is convolved with interstellar absorption. PI stands for power law and ga stands for Gaussian. From top to bottom the reduced are the 
following: 25.2 (132 d.o.f.), 7.3 (131 d.o.f.), 5.5 (129 d.o.f.) and 1.8 (126 d.o.f.). Right: Joint INTEGRAL+RXTE spectra, from Obs. 4 Int. I. 
The best model (consisting of a comptt a power law and a Gaussian convolved by absorption) is superposed on the spectra. 
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Fig. 6. — Spectrum of the LFQPO from the unique RXTE observation that was simultaneous to INTEGRAL Obs. 4 and the RT. The 
best model obtained from fits with power law and power law with an exponential cut-ofi^ are respectively over-plotted as a dash-dotted and a 
dashed lino. A bettor fit is obtained with the power law with cut-off. 
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Fig. 7. — Hardness-Intensity diagrams of the four observations discussed in the paper. Each point represents 16s. Left: PCU 2 count rate 
vs. (6.1-10.2) kcV/{3. 3-6.1) kcV. Right: PCU 2 count rate vs. (14.8-40.4) kcV/(3.3-6.1) keV. The dashed line is roughly indicative of the 
position of the jet line: each time GRS 1915+105 transits from the dip through this line an ejection occurs. 
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Fig. 8. — Top panel: RXTE/PCA spectrum of Obs. 4 Int. A (bullet). The best fit model, the power law component, and the comptt 
component arc over plotted. Bottom panel: Relative contribution of the comptt component and spectrum of the QPO. 
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